Reductive metabolism and hypoxia-selective toxicity of nitracrine.
The 1-nitroacridine nitracrine [NC,1-nitro-9-(dimethylaminopropyl-amino)acridine] is a potent hypoxia-selective cytotoxic agent in culture, but lacks activity against hypoxic tumor cells in vivo at therapeutically accessible doses. To clarify reasons for this failure in vivo the metabolism of NC was investigated in stirred suspension cultures of Chinese hamster ovary cells, in EMT-6 spheroids, and in mice. One major low molecular weight metabolite (identical to that generated by NaBH4/Pd/C reduction) was observed in hypoxic (less than 10 ppm O2) single cell suspensions, while [G-3H-acridinyl]NC formed trichloroacetic acid- and acetonitrile-insoluble macromolecular adducts (MA) at a rate seven-fold higher than in aerobic (20% O2) cultures. Formation of these adducts correlated with cytotoxicity under air or nitrogen, and hence may provide a dosimeter for NC-induced damage. Autoradiographic investigation of the distribution of MA in spheroids equilibrated with 5% O2 showed that the label was restricted to the outer cell layers rather than being localized in the hypoxic central region. Thus metabolic activation is probably too rapid, even in well-oxygenated cells, to allow adequate distribution to hypoxic microenvironments in tumors. In mice, levels of MA were higher in liver, kidney, spleen and lung than in Lewis lung tumors, indicating that oxygen concentration does not exert a dominant influence on relative rates of metabolic activation in vivo. The development of nitroacridines with useful hypoxic selectivity in vivo will require identification of analogs for which reductive metabolism is more completely inhibited at oxygen concentrations found in normal tissues.